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ABSTRACT 

PURPOSE: To provide an organic electroluminescent element excellent in 
luminous efficiency, luminance and stability, capable of emitting 
especially a blue light or at least two different emission spectra and 
capable of being driven at a low voltage by using at least specified 
layers. 

CONSTITUTION: The element is prepared by sandwiching at least a layer of a 
1,2,4-triazole derivative desirably 3-(4-biphenylyl)-4-phenyl-5-(4-tert- 
butylphenyl)-l,2,4-triazole of the formula between desirably a hole 
transport luminous later 10 (e.g. a layer of poly-N-vinylcarbazole) and an 
electron transport layer 30 (e.g. a layer of tris-(8-quinolinate) aluminum 
(HI)). 
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tawi saltier <n. <t< 

Iio»litti, '2, 4-h'JTr/-;l^«* 
(TAZ1) 2 0*R»tfc. # 2 ©JgiJUH:*-;!,' 

1 tm^mmm 3 ©mk:** u ■vm^mmm 2 * 



(a) 




( 2 ) 

1 

mxmi] i, 2, 4-h'j7 7-^i 

2] 1. 2. 4-hU7*/HH»W, TIB 

SC<1) : 
lit 1] 




-5- (4 -tert-^JU7xn;i/) -1, 2, 4-h 

[fl#JS3] #'j-N-tf^.;p*ji//^v/— ;MDJi£, * 

xu? hD;u5^-y-fe>x^. 
[ffit#JS4] mjx r^sx^ 20 

*5j;£W0 5*>*!>ft< ^aMRftt-iiiiM-r-B* 

[0 0 0 1] 

-fe>7. (EL) ^irgg-r-SfcCDT-fe-g),, 30 
10 0 0 2] 

[0 0 0 3] ifiB#, ^#<7>i|i«f8^©*«xL^ hp;u 

5^.->-fe>X^ICtt-^T. i^Jl 0 VtUo<£mffiTS) 40 

V> 2m*ffifLtz.m = ?-tf. Tang<hVanslyke(C<t oti|3 
ttfc CC.W.Tang and S.A. VanSlyke; Appl.Phys. Let t. , 
51 (1987) 913 ] . m?<Dffim*. El 1 2 (a) {C^fJ: 
0\Z. 9 0±IC^fi£L.7i|5§ffi9 1 . *-;Mi 

21)19 2, VF|&2Ht$23tJB 9 3 . IM9 4TW. 

[0004] ±Bsst^frtt, #—;n&a&JB 9 2 a«. mm 

9 l*»6*^(i3Stt»3tJB9 3^*-)^ttAT5it 
Sr-rSttfctC. Hi9 4 75^ffiA$tlAc« : ?^-;U 
t?lte^-r*^i«:<»«9 l^JKtf&O^ISSir. 50 
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T^-B. Z\<Dtz#>. CICO*— JWft£IJg9 2i;i5f?© 

[0 0 0 5] Sfc*»6f4. 2Ji«lifi03|H a fC*^T, 

diSr^L^ftil (C.Adachi, T.Tsutsui and S.Saito:Ap 
pl.Phys.Lett., 55 (1989) 1489 ] , JHft3IJI<2:« 
^ *i£B©IBlctf «3HteB#i*£nfc 3 B#tit©W«x 
hP;i/5*->-tr>Xlg^^ffi^Lfc (C.Adachi, S.T 
okito, T.Tsutsui and S.Saito; Jpn. J. Appl.Phys. , 27 
(1988) L269 ] „ 

[0006] mm^>oy2mmmo>m^\t. 012(b) \z 

m-f&olZ, #57.»£9 0J:KUBJ«Ljfc»«9 1, * 
-;Hi2Ste«ttB 9 5 . *^ ill 9 6. mm 9 4 * & 
ftD, 5fc©fc©<ti£tC, ffiII9 6)iS, |&«94fr 

s#-;i/*at«:8»teJH 9 5 -.if ^aA-r-sii^^-r^. 

ttfefc, 119 lA^ttASnfc*-Mif tB«a 
^t5etfe<|il9 4^j&tfS©£E&^r. *-;Mt£t 

1^-6. £<D«^i&2!J19 6K:<fc-g>3*;-;KZ>St 

D&a£>#il&tcJ;D, 5fc©t>©ira*lc. K*i*JE©Ai|i 

[0 0 0 7] &1t-ttm*><D3mmm<Dm?t3.. 5fc©Tang 
6©# ; ?*S6lcakAb& , b©T, 012(c) iZT^tJ: 
o\Z. ^^XS«9 0±(C^figLfcl»ffi9 1 , *-;Mi 
819 2, %ftm 9 7 , n=f- ffi&m 9 6. il94^f, 
ft 0 . *-;M»3IH 9 2 Zftftm 9 7 lc£f 

zmzzTzttbiz, mmm 9 6 at#-;nfe«jt 

19 7 (C^UjiJ6^®!i#*-r-575:*e). 2 « #tig 

< S^T, ^S9 7rtT©«^£3j*-;i/©»lS'&aMS 

^^e»(C|nl±f B. *fc±IB*^MB9 6. *-;K* 

?fimmi^'?nfr<Dmm\zmtfTmyt-2tiz><D&m<® 
[0008] z\nt>mm^u? ha^5^7t>xsf 

^A(III) 'J ;^>-fef v'XfU 

;i/ fc? 7 x —)Uffim<£&&&\ tlX U . 
[0 0 0 9] 

[«WA«ftUJ:-5fr*H!H] Jij$L7i<J;3ft*rt§&x 

M»flEO«3tt**^j)6T*S ^ £ . &*ftt*:ttTft < 
m^T)*{C J; o T fc#B £ J^fiKT * «> ©T^cl ttfo9««£ 



( 3 ) 

3 

$>2>Z\t, «P©*8T**LTV»*Effi. ft«rM*3t*-a- 
[0 0 10] SfcISa?.nt^5f*0ll/^ ha)U 

5*7t>x$flt fem&mtrr 
&\m&fc&^mmftmzm&mmm*&oi%&ifi&^ io 

[0 0 11] #«©WT«^IS:fh{cJ:0^fe 

ft!C«ig^^^T-$.-5. i:fcfi£3t?©XU^ FD^S* 

0. R, G, BOHfCfeKi&VJHP^-^^efi 
;K©^SrlO»m^T*S-r^d<»:«. ^ttTtt^nJ 20 

[0 0 12] *^H^«j^±co*1ttc:^*.T^$nfcfc© 

tzmmx. V V V D * -tr >x iff^ *»«T* £ h £ 
BWil/T^S. *;fc*«91©te©BWtt* £<K:*fi 

$-(±-5 d £;5*T?&fcj&>o Jfcfi©»ft£. iS^fBft2WT 
[0 0 13] 

1. 2, 4- h'J7l/-;um«#:iCOViT«ab, £09 
BH»#** : f-«l«**»**«r>»4*-;Hi36«»i: Lit 
ir4Hi**Wl/ft. ^LT, (a) 1, 2, 4 — h 'J 

**. m^tfatmtbTftflJb&IRK:. 8E*ffl^&nt 
n&fl&©*m«fc 0 <b-r<n^«7MiStt. ;h7d -y 

T. fgftJf ©S!ft3Ws. «ftffg©ft±£^*il;:,h=feft 
55feffitt©Sl±C*V4tC*3»r**^d:. (b) t<{C, 

^©fgfti&ip. 5£ftWS£. +«-*ffl^JUBa« 

5ofco 50 
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[0014] •?tzt>*>*mwe>mm^i'P HnjR^7 
-fe>X3$H44, ^^<tfc, 1, 2, 4-h'JTV— )V 

tt. ±E1, 2, 4- h'Jjy-^ifrOltft^ 
fc>tt*»©*J«K:3V»TfclftWbfc. ■€■©»*. (c) # 
'J - N-tzMWZ-Jl' (J^T rpvKj 

ffl^tfe»tTb*5fc«&, ffl#»4«3ta-a-S©««JibV» 
tft, iOPVK©I$, HitfB©i;3KJ5!i^©i*b&a6 
»*fc-T<*n, i|5-;^Dif*>jrttoilsv>i, 2, 4 
- K 'J 7 7-;^#of iffl^t s t , #feicfg 
ftT^S^-i:. (d) ±IBPVKtt, -t©$HM»ift#»&*> 

»«©. «£*©*-;Hfc3l«»KH:^TWI!H*Jc-r<n 
TV>-5fci&. &#R^ili^©5£ftl$©fSf&fC«fcSSfrffc, 

^b^iic fc< ii#fi*3t©Jh-;nii3itt*Jt» 

SHWeSSHt, (e) ±lBPVK©JItt. ITO^f? 

i T07^^A^©s*rt©?g»ttic-r<*tiTv^ 

it, (f) bfc*»oT±JBPVK©«l**— ;H»«tt56 
3titbT, 1, 2, 4-h l J77-;^i#0ltI 

*<&fo-8-*t, 5&?mmz?<n. &%Mwm<> b 
^t>«sgtttcr<*nfc. +»*ffl?iffi3a:#fi383t©*« 

tH bft. £fc±tB 1 , 2 , 4-MJ7 '/-JHMM|s©Ji 
tPVKOiOfi^totCfeHT. 1, 2, 4-h'J 

7*;-)imnfc<Dmtmu<Dm\z, tszizn^mmmt 

bT. MJX (8-*yj/7-h) T^SX^AUI 
I) tff# (J£TF TA 1 qj <hV>5) ©BSrftgrf £<h. 
*-;Ufii2lttfgftB^©*^ aA#14^*£ 5 
n, J:0--JBRft3MW«fc<, 36ft»*a*«v»WS«ft 

[0 0 15] Sfc^fgHJ^te. ±B*m©fcWfcaoA. 
T, *«xu-^ ha;i/5*y-fe>^* : f©»rfc!ftJB#liS 
»CtJ^Tfe*W*ffofcil8Jft. ±BE1, 2, 4-MJ7 
JU«5W*:©J:3K. *-;U*3j;Z>'^©5*>^&< 

bfc3««jg(C-r-5t, (g) 5fe©^BJtfHl#(C, ±BS* 
f U -Vttit*JffllM(cJ;-5i!jiE^©i* bi^^^fCJ; 0 . 

*nfcifcfc5££tt©G]±a*i*«T**c:£, (h) w 

(i) +"V'J-VKi3Hli(»B©«^JKJH6iliR 
-r^iticj; 0, *-;KKiaJHfeJ:tX* : f«ia6JB©ti"r 

i:A»T**©-p. ±e*— ;maMi, m^mmmizm* 
izmti.z&ytT.'*.? b)KDttn&m^z>z.t\z&r)* 1 



( 4 ) 

5 

[0 0 16] Llt&^T*5&BJ}V>m<DftmX-l'? hUJl 

mwmtfftm s nfc d t £ ^ t -r s . \>xr\z*mntt 
mwrz. 5%. i, 2, 4-hU7 > y- 

)mm#<Dm&mz-z>z\i:&¥fmt-rz>mm^i'? ha 

[0 0 17] u^W^l, 2, 4-MJ7 7-;^i 10 

tiwmttt. 1, 2, 4 - hV7V-)ummi^<D us 

fc«2«.£U:£4>;&< tfc-^frd-c&oT, 1, 2, 4 
- h U 7 y-;l/^agft:<Z> 1 fete 2 «^±©^ £ & 
•SMKXfi, jg^^/\*-f >^-tfiCl, 2, 4-h'JTV 
-^^OD ia^fc«2aJ^±^^$*fc ! b0^i 
CTiLTStf sn-So 2. 4-h"J77- ;MK 

^*olli. &«SWJ^<ZX 1. 2, 4-h'J7'/- 

[0018] ±121, 2, 4-hU7 , /-JH8S##0i 20 

■3TMt5:tfcT§5. 1. 2, 4-hU7y-^ 
fc, TESC(l) : 



[0 0 19] 
lit 2) 




(1 ) 



[0 0 2 0] T3?£tt-5>3- (4-t7i-MW - 
4-7x^-5- (4 -tert- 7fjl-7ir^) - 
1, 2, 4-bV7\/—)l (KT TTAZJ tl^?) 

7ca6. #«i|l!K:«fc»aK:{Cfl3Sn*. 1, 2, 4-H 
fH|.^8Sf^ffl^i$bt,i„ 1, 2, 4-h'JTV 

-;pK*#oiio. &mi2.mm&miz-z>\,*T\*ii < izm 

7c<i:*.fc£±f2i£(l) T^SnSTAZO 
fete, -5-cr>^J**U 0 0~2 0 0 A^±Ta5^>©AWS 

T-r*o-c, fct*«TAz agj?«i 

0 0 0 A«TT*-5©j5W* 50 
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[0021] xmrnomm^i'? SDM*7t>^$ 

^te. ±121, 2, 4-MJ77-;HSiS«:©im 

&<Dm?\zmm?2>z\i:tf-?zz>. &?w&mmmx& 
zm-enz, 1 , 2 , 4 - h u 7 y-iPi«f):oi^© 

WCttt<lCl8^*n&V>. 1, 2, 4-HJ 

\zmmvtz.mmmit, m^.±^fzitm<Dm±izm^Lx 

sfe±t2&stt. /^>y-mm. &mmisa#m<D. m 
<Dmm\z\s.mffl&fc\<*m<Di£ft&&A,-v^T>b£^. 

[0 0 2 2] t3.&*5£WV>mmx.ls? hDJl/5^-y-tr> 
. Mf2©«fc 5 IC 1 , 2 , 4 - h U 7 V-)VMM 

®-C\ COl, 2, 4-h'JT )\>ffiM#<Z>m 

^n^mmmtvx. m^tz^oiz^-jvmm^M 

[0 0 2 3] 4>Tfc<h<iC. TES(2) : 
[0 0 2 4] 
lit 3] 

[0 0 2 5] [jS* n itm&m&mTl X3k2tlZ> P V 
K©@ (*-;HliatefS3teJH) ±12 1 , 2 , 4 - h 

?hDJP5^yt>X*^ifiETtl>. ±I2PVK© 
«£gntt#Sg9m4<t<tcPS^3n&V>#. 20-5 

e±8B«BJ: ^arr&ig&^fii&tCck 

[0 0 2 6] ±121, 2, 4-h'J7'/-MI^©i 
tPVKOl (*-;HiiStt5B3tJi) 

[0 0 2 7] 
lit 4] 



( 5 ) 
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(3) 



[0028] TSsn-sA i Q<Dm&m : ?mm.mtisT 

m.fr-&£>-&tz. 3Jl#SjS©fc©a*&tf&n3. £©3J1 
Tttt<i:lStsnft^ L^Lmf^bfcJc^Jc, pv 

K©J1# I T0^/7X1> I T07^M^OSMt©f 

»ttfc-r<nxvi*nt^», ±ibpvk©»35<, m-z® 

«tt#ftlcJ:9T»jAdn-&£&««*Jt-r«&. Ell 
(a) icSjcTJ: 3 K:. )!J7XSS4^0«IlcW^n 
fc, I TO (-f>y->A-f>-^t-fH) ^OSHJ 
ft *»* 4 0±tC. *-;Hfc3ltt«3t» 
(PVKI) 10, 1, 2, 4- HJ7V— ;i/^#© 20 
m (StliTAZD 2 0:fc£tftt^«ii£Jf (A 1 q 

fe^0lC^^T^5«, !fe/Ag^©&JgjJS&#Bl5&>Sft 
[0 0 2 9] P VKS 10. A 1 qS3 0 ©MJ^4. * 

»wcttt<i:Rtsni", a*^^n-5i, 2, 4 
t. «jaja:«tj»<effl*K3£-rn««t«ri. pvkho 

PVK£^tr#tt£*ysfc»i«K»#L;fc&#*£, « 

«± * fc \tm co m ± ic §£* u t $ -a- z> mmm^sm tc 

[0 0 3 0] — #A I q!30 tit, '>t£.< thA 1 q 
£"&tr/iT&oT. A 1 q©^€.^£SSCOte. jg^ft 

»f 6tl*. 1EA 1 qH3 Ott. I^lfffi^Olft 
-5. 

[0 0 3 1] /j:*5±feP VKi 1 OfectO'A lq!30 

«, -tti-en&a^iosij^o. PVK, Al q©^tg£ 



©5%, *--»majifc«^FifcaMioMfc*irUi'*ia 
[0032] *»9j©*&©*«xu* hu)v$.*y-t> 

4©^®(C^^$tlfc. ITO W>yW-f>-* 

-jufiMJi i . n -vtfc&MM 2 t3&&n?mmm 

3cD3S*««-r^^i:T«^$tl-5o SBOJgjs&X&F 

am 3 ©Fate 3^ >j -*Nti&M*ij| 2 ^8snxnntf 

«kH. &*Hfc*V»T«F#5tt, $fe©Ell(a)©J§£-<t: 
H*fc. Mg/Ag3?©&fi8§*fI$|;&>S&S|&lg. BttStfP 
IdBMff * EP DOT * MM £ « L T ^ * o 
[0 0 3 3] ±G*J|®9-&**U-VM£fMM2&lfl 
J*r**lrUir*ljMMP*M*fcbTtt. MfBTAZ^© 
1, 2, 4- h U 7'/-JHI*#!5«*t)»il:«ffl3n 

©*^ 'J Vtt&fMfP*m®ffttft0!l& LTtt. tztZ.it 

WiM»tLT^©l, 3, 

;Mtti»tt4W&ff en*. 1, 3, 4-:i-*-i*-5>7:/- 

<!C. TflBSC(4) : 
[0 0 3 4] 
[ft 5] 

N-N 



t-Bu 




(4) 



[0 0 3 5] Tg?$*l-5 2- (4-t'7i^KW - 
5- (4 - let \ )ly x.—)l) -1, 3, 4-** 

•y-v'TV-;!/ o^t rpBDj tup) 
*<DMft*>mm&mnTzz.t-c. *-)mmm 1 & <t 

[0036] ±%&*'rv j rffimmwm2<Dm&$:. 
*r*v j rmmMwm2t\s-cm&TAz<r>m%m (ta 

ZB) S«EJBU *-;Hft36JBl tLT. TBS(5) : 
[0 0 3 7] 
[ft 6] 



(5) 



[0 0 3 8] T^^tl^N, N' -/7i-;i-N, 50 N' - t*X (3-/W7x-W -1, 1' -t'7i 
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-)l-4, 4-v J T5> (KT TTPDJ iz^o) (DM 
mm (TPDI) SttfliU ^tfi!I3iLT. 
WE2^(3) A 1 Q(Dmmm (A 1 ql) 

m-?z>m&&mzii-oT. &.T\zwim-?z>. — mzmm 

[0 0 3 9] 05l:itJ;ol:, TPDiltAlql 10 
3 £ Zmfr-Stmrtz 2 mm&om^ (iWffiTang<S com? 

\zmm iza^xit. mM4 o tmms tomzmmn 

m&ftVJB-TZt. tf*-M<TPDIl*CttA$ 
tt, TPD/A 1 qSlT^a^^^nt^fliMf 
fiTTS (0 5(a) ) „ Z\<Dh%A 1 qjf 3^C7$^.^>*|'j!• 
?$afte. TPD/A 1 q^®©^P^«^fOfc«6, S14 

0. ^-ntC<fcoT*^*A 1 qS3lcaAStl^i*-5 
(0 5(b) ) . 

[0 0 4 0] -5-LT, TPD/AlqM#lOAlq 20 

(0 5(c) ) , Al qanaSSftTSBttT*. TPDI 
1 tA 1 q»3©IWKTAZJi£fl'gLfc»'&<b, 

itxa^waA*^ ttra«r* 0.02 tc^TJ: 3 

TAZI2©)i)l^+»l;^tV^ (ai50A 

Lfc<t'5fc*-;^Dy+>yttic-r<n*fc*. HIS 
ig4o, 5^tcjtgKm»SrWJjn-rs^t-eTPDg 1 

tC&ASnfc*— TPD/TAZMtyPyJ' 
£#"13 (0 2(a) ) . 30 
[0 0 4 1] ^LTJICD*— ;pfcJ:oT^IH««f*«Jg)« 
Sn^iiT-A 1 qi3(;aA$nfci^«, ±ffiTA 
Z»2*»« : f|(iSHtfr<tl*fc». TPD/TAZS 

®*-c»aisn (02(b) ) . c©sit*-;i/iif 

OHiB-&»:J;t5TaS ; ?3^«SfeU (0 2(c) ) . TAZ 
J:DBifix*;^— iWfc©«WTPDa«, »£Lfcae 

[0 0 4 2] — 0 3tC7K-TJ:c>(CTAZ»2©Mjp 

S40, 5F B 1{Cta«t*«^EPJ)P-r-5>^tTTPD« 1 \Z 40 
ttASttifc*— ;P**TAZJB2 TAZ/Ai 
q#HT^ny^atlT3fiM*W*»J«r* (0 3(a) 
) . *-J^TAZg2£ai!T<5<fcofC&.5tf>« > 
WfBWi^tC^-vU-f (£©»£•*-;!/) CDftA*^. 
ffllfelfiTfeST AZI2 <Dmm<D 3 *JC£tt0«JT3 

[0043] ^^*—Mz&^xQr$WM-t)mf8L-zn 

SCtTAl qiStt^iSA^nSt (03(b) 
) . TAZ/AI q#®T*-;P<»:®^©F?^'&lC<fc 
oTl@f*^tL (0 3(c) ) . TAZiOiEx^ 50 
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)^-*fi©<SUA 1 q*^ jB^Lfclfoe^ KJ:oTa 
^^tlT^Tt-r^o $€.(C0 4[C^TJ:^(C, TAZf 
2 ©MJP#±f3©4 I Fs ! lT&-3«-& (#5 5 0 ~ 1 5 0 Ag 

t^utTTPDI 1 IZ&AZtlfz*— TPD/ 
TAZ^lT^Oyi'^nSfcCDt. TAZJ12£iIj® 
UTAZ/AI q^ST^D-y^^n^fc^Wi^^ 
£U-S (04(a) ) „ 

[0044] ;nc«t-3T^iB«w«*»j«aFn 

S^iTA 1 qH3{C-«^ttA$n^i: (04(b) 
) . TPD/TAZ#StTAZ/A 1 q#I®i* 
T#-;i/£«^©Stt^fc.koTJBg^jW6£l, (04 
(c) ) . TAZ J;0®iBX*;^— *ttO«VsTPD4J 

[0 0 4 5] TPDIKCttX^ftfc*-;^, TPD 
/TAZMT^Dyi'SnSfcOi:, TAZJ12£r:I 
iil/TTAZ/ A 1 qflt^D^f ^WfcCC^ 

azi2 <Dmm<D3mizix.ttmTz>fziit>T*$>z>. tzism 

4©5j?^©»£\ TAZI2 \t-fc—)l£nT$:£*>\zm 
»a-fr*©T. £©TAZJ12rtTrat©WI8'&a**5;i 
SCtfe-HHc^Sns. L^LTAZ(i4 0 0 0nm 
EtT©S«*fi*K«3tti;-i>£#LTV>*fc«>. fob 
TAZ12 I^T*-;^f^S^ LTiigf^i 
U tftCioTTAZ^afiSn&tLTt). iOfi 
jft*««t=5fi>ttf-^**-r*TPDJi*fcttA 1 ql 

©v>-rna>— **v»ttPs^fcBiex*;p^-*^fT 

-T^CDT. TAZl2gM^fi,e:t(i&K 
[0 0 4 6] 6l±©iil«i>6W6*ai5l:. TPDI 
1. TAZg2*5J:tXA 1 q«3©ffl*-&t)-tir(C*5ViT 

tt. TAZJB2©IllJl^±aUfc«fflrtTWttT*;:i 

^U-V , «iSI*!l«IJB2 0|(WieBBi:©H«tt. ±l20<Jttt 

[0 0 4 7] fct^.«±tBTPD« 1 . TAZJf2i5j; 
ZfA 1 q I 3 oa^fo tffl 5 -5 T A Z I CftAT, ^ 

&TAZ»J;Dtt^*&mfeW£<A (*-;HI3ltt*«« 

W PBD0I1I (PBDI) S«fflbfc«^Ktt. 

ax*— ;p«*^»«t:Jtwr*j:<i:^6. pbdi 

fr:-£fc^z\trft)frZ>o z\<Dtzsb. TAZBtlHiu:^)^ 
SrPBDStc$-a:^fcae){C«, TAZli OMJP^rA^ 

[0 0 4 8] £.tzm4<Dl&BJlfr*>WZfrtSi£o\Z. TA 
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z mmv>* + u -v^itsijpe 2 «, jko& ai*« 

-T^citfcJcD. *-jp(&Mm43«fctf» : ?892iJ13co 

SfffBTPDStA 1 qB<Dffi*-&t>-ar(D«k5tC, gfc* 
W^^f hJl/TfS3fc-r<5*-;HJ&2£/1 1 

[0 0 4 9] ±S2#3£93©*rtKxl^ hP;R^7t> 10 

t<CRfiSn»H. **Uir*IJ3l*9»»2tt. ±BT 
AZ^PBD<ffO+lrU , t'«ISHW»»»©*T?*«tFn 

mmmwm2\t. amwaomita. ^-vv^miikmmt 

[0 0 5 0] *v>j-\'MN&Mm2e-frtr*Jlli. ±ffi 
#jco<fc5i::, X^>3K«ft«o«!|iAASizJ:?T»jAT 20 

tt« Ss f C J: o T WtiLT Z> Z. 1 <b T * * . 
[0 0 5 1] 

->-hJSial 5Q/DCD I TO (-f >v^ r >A-5 1 >-5f 

1500-1600 A) ±{C, ;H*2S**Wt l/T 30 
CO, WEjC(5) TiSn^TPD. tt?M&tttt£:LT 
CO. lfflfHsStt) ta*n5Alq, frStflCl, 2, 4 

-MjT'y-jusiflcii/To. MEA(i) -eaisns 

m<D^rm$W.O. 5cm. mo. 5cm<DJEJ5B : V?V$>^ 

S. : 2 x l 0" s Torr. SlSi&g : Sifi, ^#3S* : 2~ 
4A/#T*I9. JBlS3ftfc#Ji<DBt*WU TPDI 

(*-*i8I) = 500 A, Alqf 
= 2 0 0A. TAZI=3 0 0AtJ&^fc. 40 

[0 0 5 2] o€f{r±IETAZBCO±{C, 7y*J/9A 
t«^^i»bTl/P2 0 0 OA. Mg/Ag= 10/1 

(^JHt) CDMg/Ag«ffiJi£JgJi£b£:fg, ^C0±lCffl£ 
#54^»bTilJll 0 0 0Aco«®«£^j£bT*r8&x 

«i ia/b>. &mmv>mmmm*i oA/m^ 

[0 0 5 3] ±aEO«t'5lcLTfP«Ufc*r«XH' hD 
;P5^^-fe>xm^co I TOJRSrfi&«. Mg/Ag«ll£Ji£ 
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;P^th©C0L S - 1 0 0) S«l>T«)|l/fc. 

S, i6l:Stiol:l*l 4 V (14 5mA/cm J ) CO 

lK«lttJET-»« 5 8 0 0cd/m ! ®»fi»3t*«««Sn 

[0054] mmm2 

->-hJStr[l 5Q/DCOI TO <-f A -f i >-* 

1500-1600 A) ±(C. *-;Hft3fett*3tt»»t 

ltco. HfrfB^:<2) TisnspvK^, ^ddi^ 

b. ^^T^COP VKgC0±(3. 1, 2, 4-h'JTV 
-;Ht*#4:UT<0, lfflt25£(l) Ti^TAZ. *5 
it/tfiSffliLTO. WESC(3) T^Stl-5Al 

qSdcoditc. M&Mmmz£ Q&mLfr. 5£*rtmmv> 

-*m*mo. 5cm. «0. 5cmC0IE^«T^o^:„ £ 

C0^j?tt. PVKI ;HH3&tt3S3teJi) =4 0 0 
A. TAZI=2 0 OA, A 1 qf (ISTttSiB) =3 
0 OATJbofc. 

[0 0 5 5] t3^'tC±fBA 1 q«C0±(c:. V^->r>A 
<h&£#j&»bTi8l»2 0 0 OA. Mg/Ag= 10/1 

(*;Ht) 0Mg/Ag*ffi»§»j*L-fc». *<D±.\zm& 
#3fi^»bTMi¥l 0 0 0 Aco^aSSr^fiKLT, 01 
(a) t^-T@«ljfi©#«XU^ hDM*7t>7$f 

[0 0 5 6] ±E©«k'3K:bTflUabfc*r«XUd7 hD 
;U5^^-fe>XSS^C0 I TOK^il, Mg/AgftHJl £ 

;U^ttMC0LS- 1 0 0) *ffl^TM3eUfc. -^coss 
*. H7fcw-r«t'5»C4VA^«3t*«ji&*»3. M14 
V ( 2 2 0 inA/cm' ) COlKgjflJETfflg 7 0 0 cd/m ! 

2 0~3 0cd/m' @g?T*&£ H t, 
[0 0 5 7] *fc^C0Wfe%7t*^®T, «3t3t«W- 

(B5ta§?coF4o i o) e/Bwawjeu&iJis. ia 

H + l:fiti«Ifw Lfc P V K ifrOM^^f h^t 
S«-ft-r*Jli:*»6. SfeJSOT 2 ©Sfc^f »S, PVKI# 

^bT^-s^it^a^stife. 
[0 0 5 8] ifcc©«ffisnr»aiHfii»i,Tt)#|. 

Ht£giJ3 
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a i qjB^n&Lfcdtj^ws, ±tmmm2 tmmiz 

[0 0 5 9] ttgMj 
TAZJB**»bfcCt£il^tt. ±I2HM^J2 <h[B|^IC 

L-T^ttlxud7 hp;i/5^^-lr>x^^SiL, -e© io 

?«fi5 3 Onm© 

»fi5S3te*Sj*U PVK|tii<Al 

PVKg^WfetC^7t^-a--5tC«, TAZfil 
-5 i&S©&3 Z\tifit>fr^> fz<. 
[0 0 6 0] ltifeffJ2 
TAZlfeitfAl qlStKLT, PVKlCD*Ot 

#«fcP<. >*aE©IWBttBJ*-r*r>fc. 

1^650114 20 
v— hSixl 5Q/D© I TO « >v J ^7A-5 1 >-^- 
=HMK> 3-W5^SI (JEffl^ttai. ITOBUP 
1500~1600A) TPD, TAZ, lS<kZf 

Al qSCCiC, *3SH»ffi!;<ti3J5KML.fc, 5!7tSS 
1&<D^mzmo . 5 cm. $0. 5cm©iE^ttT*o 

fz&m<Dmmit. tpdi (*-jimmm) =400 

A. TAZS (**U-¥N3IM«PJI) =15 OA. Al 
ql =4 5 0Al-^L 

[0 0 6 1] 0€fK±8EA 1 qJB©±fc. 30 
LTBtffit 2 0 0 OA. Mg/Ag= 10/1 

(^Uit) ©Mg/Ag*BJB£*j6£L;fc», ^-©±t£^£ 
*»ItLTgJ?l OOOAOffillW^LT, Ell 

(b) ic*-re^ig©#«xi/i7 hPM^7t>xf? 
[0062] ±&<d£? izLTftML fzmmx.u? ha 

;U5^.. y -fe>X^ : F© I TOm&WiU, Mg/Ag«1SJf £ 

;i^a«©L s- 1 o o) zm^Trnfeisfzhz.?,. m 

9tC^t"«t5{C, 1A16V (14 5mA/cm ! ) ©ggffii 
1ETWS3 7 0 Ocd/m l ©#fi58fta*«iBISft;fc. 
[0 0 6 3] *fc£©WS583teS£»T. *5t3ttflEff 
(BMSCOF4 0 10) S«^T«SLtiC5. 0 

i o {cmre^-r«fc5ic. &*4 6 4nmice— 

raH + »-fiVi**T?SLfcTPD©*ajR3Bfflt©*>£X 
TPDJid^ftLT^Ci^ffilg^nAc,, 50 
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[0 0 6 4] jHififfJ5, 6 

i?t:*HT, *YU^i|ijt$iJWf £LT©TAZ/lCD 
®|j¥£5 0A (SUSStfiJ 5 ) SfclilOOA (5*li§0iJ6) 
iL-fcifCMX^^hM, 4 tH«l:LT 

*S£L&. ^-©i^m. TAZi©BW««5 0A?*5* 
ifi^JStt. Hl0l:-j«B«TStJ:5l:. AlqfO 
»ttfiT*S»fi©$WteX' , <* hJU£jj*U TAZi© 
KJ*&1 0 0AfcLfc£««6H:. raHKftVi«M»T* 
-riifc, Al q»©«3teT»*»fi«3t*»**k:/h 
$< ft -5 it fete. TPDlOMfit*-5tfi^* 5 

[0 0 6 5] jlt6giJ7, 8 

«. *it«i4ira*KLT. 0i(b) tx*-rs«ig©* 

MP*PM*K:LTWjeLfc£;i3. PBDIOiS 
*U 0 0 A (#US0)J 7 ) Tli, HI .1 i'*^T^-r J: v 
(c. A 1 qJB©«3tfiir**»fi©38JttX^^ b;i/^^ 
Lfc. SitPBD©KiP5r3 0 0 A (HIM 8 ) Ct5 
<b. HBItC5fellT*T«fc'5C A 1 ql0^fiT$.5 
«k6583tt»C. TPDJBO«3tfiT?»*ire«3t*«jBSfo 

itnm&n&yttfm&zntz. 

[0 0 6 6] 

[««©«&*] W±. #£bfcJ:5K*5891©tf«xl' 

^tt(cT<n^i, 2, 4-F'j7y-^iift©i® 

f^ffltc=t0. «^<h*-;U©ijg-&$W5£. ^#J;Dfe$ 

21©fci&**W©**XU^ hPJU5^-^-fe>X^ 

tzb<Dtt£Z>o 
[0 0 6 7] Sfc*«WOt«Il/i' hP;U5*yt> 

±ffi©«fcoc*-;u:fpy*>yi4i£-r<n 

fc 1 , 2 , 4 - h U 7 % /-JHI»#OJi*. fSft#>*# 
ti&5PVK©Ii:. ±121, 2, 4-MJ7 > /-JHg 

t, *os»«ttK:-r<nfc#es!>fc©#«xu^ hp;p 

tCA 1 qWJISrJnx.fcfc©^, £ <E> iCiU^)*. iUJ5$^ 

t. 75^^tt{c-r<*nfet,©tft^. 

[0 0 6 8] *5gB^©ffi©#«XU^7 hP;U5^u/"tr> 
*-Jl,4oJ:^®T©5-fe©'>ft< ifc-^S: 
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[0 0 6 9] U-V«l2lft!l»JB©«»^»JKJ»Sa 

»«4*Tf85t*fl-«ct**-r 10 

^nJtg-?&o;t, R, G, B©HJ^fe{C«fc^v;^*7 
[0 0 7 0] LJt#oT±ie2^©#f£BJ©W*8SXU-* 

[SBCDffi^^lftBJ] 

[01] (100(a) tt. #?gBj§co5*>. 1, 

£*-ti&r®0-e;£>£. 30 
[02] 1110(a) ~(c) \t, ±m3mmm<Do^, *v 

S^OJBJtWS*. JH&iloT{KiJli*-*IS-C , *-5. 

[0 3] |S10(a) ~(c) «, ^U^I&j&fMPJItLT 
©TAZ»oWPj»«-l-»fi:/hSV»*?©*3tt«a«, M 
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$riioTUJBJ-r^.0T^^. 
[04] 1100(a) ~(c) tt. ^Y'JiriilSISlltWetLT 
OT AZmoJ&mW* H2iiJ:lXH3 0*^04 , IWT* 

sst^o^fcs*. na*ii-pTittB^-rs0-eS)-5o 

[0 5] |S)0(a) ~(c) tt. *-;PilItLT©TP 
DJlt. «TI&2£J1£LT<Z>A 1 git©Ki:TAZl 

t&BJ-f£0T&.5„ 

[06] *»wo*««li-cf^«bfc^r*xu^hp;u 

[07] #?PJ©||;^mTfe8!!L;t^^t^ b^;^ 
;=*•.y-fe>Xi^t^(c:m;I-£. IKI»«JE<!:^^Wai©M^ 

[08] ±aB**«2Tf^J«bfc*r«XUi7 ha;P5* 

[09] *5fi?aosi«i«i4Trff«ufc*r«xi^^ hnuu 

[010] ±££%0!l 4 . & 6 fc*K0!l 5 , 6 TffrS 
[011] *$8ljli©f&lfi0IJ7, 8TftM&LfcWtt|XU? 

[012] 110(a) ~(c) «-€-n-en. eotui/ 
[#^©i&Bjn 

1 *-;n&ais 

2 **u**ai*i»» 

3 m^-mmm 

10 *-;H«3Ht*3tt» (PVKI) 

2 0 TAZI 

3 0 tfill (AUI) 
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[HI] 



[02] 



(a) 



(A I qB) 



20TAZ® 




(TAZS) 
(TPDB) 



[03] 



(a) 



1 1 1 



3 AlqfW 
2 TAZ/f 
1 TFDJH 



(b) 



I I I I I I I I I I I I 



(c) 



J 



3 Alq® 

2 TAZ® 

1 TFDJf 

-UOHM 

3 AlqfS 

2 TAZ® 
1 TFDfg 



(a) 



I I I I I 
I t t I < 



3 Alqg 
2 TAZB 

1 iron 



(b) 



n 



1 1 
1 1 



(c) 



3 

2 TAZH 

1 1H8 

-40 mm 

3 ALqfl 

2 TAZJ1 
1 TPD© 



[06] 




0 K> 13 

Bias Vol tage (V) 



20 
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[04] 



[0 5] 



(a) 



<b> 



(c> 
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<a) 



(c) 



















it 






.. 


1 

! 












i 
1 







— 5 11*1 

3 A143 
1 OTi 
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3 Al<# 

1 mm 
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3 Alqfl 
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